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(57) ABSTRACT 

A Hall element (10) outputs a Hall voltage generated at a first 
terminal pair (A, C) or a second terminal pair (B, D) to first 
and second output terminals by switching the voltage in a first 
status and a second status. Based on the voltages of the first 
and the second output terminals and a reference voltage, first 
and second capacitors (41, 42) are charged. Xhen, the voltages 
of the first and the second capacitors (41, 42) are compared, 
and a detection signal is obtained. Xhus, a magnetic sensor 
circuit (1) which reduces influence of an element offset volt- 
age of the Hall element (10) and also reduces influence of an 
input offset voltage generated at an amplifier (30), and a 
portable terminal provided with such magnetic sensor circuit 
(1) are provided. 
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MAGNETIC SENSOR CIRCUIT AND 
PORTABLE TERMINAL PROVIDED WITH 
SUCH MAGNETIC SENSOR CIRCUIT 

TECHNICAL FIELD 

[0001] The present invention relates to a magnetic sensor 
circuit amplifying, by an amplifier, an output voltage of a 
magnetoelectric converting element such as a Hall element or 
a magnetoresistance element, detecting magnetism of a place 
where the element is provided, and outputting a magnetism 
detection signal, as well as to a portable terminal having such 
a magnetic sensor circuit. 

BACKGROUND ART 

[0002] A magnetic sensor circuit generally includes a Hall 

element outputting an output voltage in proportion to mag- 
netic field intensity, an amplifier amplifying the output volt- 
age of the Hall element, and a comparator comparing the 
output voltage of the amplifier with a prescribed reference 
voltage and outputting a result of comparison. Further, the 
magnetic sensor circuit is adopted to output a binary (high (H) 
level or low (L) level) signal dependent on whether the mag- 
netic field of the place where the magnetic sensor is arranged 
is higher or lower than a prescribed reference. 
[0003] In order to obtain an accurate result of comparison 
based on the magnetic field intensity, it is necessary to reduce 
offset signal components involved in the signal output from 
the amplifier and to curb variation in signals output from the 
amplifier. Main factors causing the offset signal component 
include an offset signal component involved in the output 
voltage of the Hall element (hereinafter referred to as an 
"element offset voltage") and an offset signal component 
existing at an input terminal of the amplifier (hereinafter 
referred to as an "input offset voltage"). The element offset 
voltage is mainly generated, for example, by a stress from a 
package to the body of Hall element. Further, the input offset 
voltage is mainly generated by variation in characteristics of 
elements forming an input circuit of the amplifier. 
[0004] Japanese Patent No. 33 1 5397 (Patent Document 1 ) 
discloses a magnetic field sensor that reduces the influence of 
such offset voltages. Specifically, a Hall element used in a 
magnetic field sensor is generally formed as a plate of geo- 
metrically equivalent shape with respect to four terminals A, 
B, C and D, as represented by a Hall element 1 shown in FIG. 
17. Here, a geometrically equivalent shape means that the 
shape in the state shown in the figure is the same as the shape 
when the element is rotated by 90 degrees (rotated so that A-C 
matches B-D), as in the case of Hall element 1 of square shape 
shown in the figure. A voltage generated across terminals B-D 
when a power supply voltage is applied across terminals A-C 
and the voltage generated across terminals A-C when a power 
supply voltage is applied across terminals B-D of Hall ele- 
ment 1 as such have effective signal components reflecting 
the magnetic field intensity of the same phase, and element 
offset voltages of opposite phases. 

[0005] At a first timing, a power supply voltage is applied 
across terminals A-C of Hall element 1 through a switch 
circuit 2, and the voltage across terminals B-D is input to a 
voltage amplifier 3 . Then, a voltage VI that is in proportion to 
a sum of the voltage across terminals B-D and the input offset 
voltage of voltage amplifier 3 is output from voltage amplifier 
3. Further, at this first timing, a switch 5 is closed, so that a 
capacitor 4 is charged to the voltage VI. 



[0006] Next, at a second timing, the power supply voltage is 
applied across terminals B-D of Hall element 1 through 

switch circuit 2, and the voltage across terminals C-A is input 
to voltage amplifier 3 to establish polarity opposite to that at 
the first timing. Then, a voltage V2 that is in proportion to a 
sum of the voltage across terminals C-A and the input offset 
voltage of voltage amplifier 3 is output from voltage amplifier 
3. 

[0007] The influence of input offset voltage is the same as at 
the first timing regardless of the polarity of input voltage, and 
therefore, output voltage V2 of voltage amplifier 3 comes to 
be a voltage that is in proportion to the siun of the voltage 
across terminals C-A having the polarity opposite to that at 
the first timing and the input offset voltage. 
[0008] Further, at the second timing, switch 5 is opened, 
and between output terminals 6 and 7, an inverting output 
terminal 3 a and a non-inverting output terminal 3b of voltage 
amplifier 3 and a capacitor 4 come to be connected in series. 
At this time, charging voltage of capacitor 4 is kept 
unchanged from the output voltage VI of voltage amplifier 3 
at the first timing. A voltage V across output terminals 6-7 
(output voltage of magnetic field sensor) is a sum of voltage 
V2 at non-inverting output terminal 3 b with inverting output 
terminal 3a of voltage amplifier 3 being a reference and a 
voltage -VI at a terminal 4a with a terminal 4b of capacitor 4 
being a reference, that is, a voltage obtained by subtracting 
voltage VI from voltage V2. Therefore, the voltage V that 
cancels the influence of input offset voltage Voff is obtained 
as the output voltage of magnetic field sensor. 
[0009] Further, as a magnetic field sensor that reduces the 
influence of element offset voltage and that can also reduce 
the influence of input offset voltage generated in the ampli- 
fier, a sensor disclosed in Japanese Patent Laying-Open No. 
08-201491 (Patent Document 2) has been known. The mag- 
netic field sensor includes a Hall element, a switch circuit, a 
voltage/current converter-amplifier, a capacitor as a storage 
element, a switch and a resistor. 

Patent Document 1: Japanese Patent No. 3315397 

Patent Document 2: Japanese Patent Laying-Open No. 

08-201491 

DISCLOSURE OF THE INVENTION 
Problems to be Solved by the Invention 

[0010] In the magnetic field sensor according to Japanese 
Patent No. 331 5397 (Patent Document 1), it is expected in an 
ideal state that the offset can satisfactorily be cancelled. Actu- 
ally, however, the magnetic field sensor formed by capacitor 
4 and voltage amplifier 3 is not a circuit of fully differential 
type. Therefore, offset cancellation would possibly be insuf- 
ficient because of a delay (lag) caused by capacitor 4 or 
ripples or noise in the power supply voltage. 
[0011] Further, the magnetic field sensor according to Japa- 
nese Patent Laying-Open No. 08-201491 (Patent Document 
2) requires two voltage/current converter- amplifiers, two 
capacitors and four switches and, therefore, it is difficult to 
have the circuit scale kept small in order to reduce the influ- 
ence of the input offset voltage. 

[0012] Therefore, an object of the present invention is to 
provide a magnetic sensor circuit having a differential type 
circuit configuration for detecting magnetism, that can reduce 
the influence of element offset voltage derived from magne- 
toelectric converting element such as a Hall element or a 
magnetoresistance element and that can also reduce the influ- 
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ence of input offset voltage generated in an amplifier, as well 
as to provide a portable terminal having such a magnetic 
sensor circuit. 

[0013] A further object of the present invention is to pro- 
vide a magnetic sensor circuit that can reduce the influence of 
element offset voltage and input offset voltage by a relatively 
simple circuit structure, as well as to provide a portable ter- 
minal having such a magnetic sensor circuit. 

Means for Solving the Problems 

[0014] In summary, the present invention provides a mag- 
netic sensor circuit, including: a magnetoelectric converting 
element, a switch selecting circuit, an amplifying unit, a 
comparing unit, first and second capacitors, and first and 
second switch circuits. The magnetoelectric converting ele- 
ment generates an output voltage across a first terminal pair or 
a second terminal pair in accordance with applied magnetism. 
The switch selecting circuit has a first switch status in which 
a power supply voltage is applied to the first terminal pair and 
an output voltage generated at the second terminal pair is 
output across a first output end and a second output end and a 
second switch status in which the power supply voltage is 
applied to the second terminal pair and an output voltage 
generated at the first terminal pair is output across the first 
output end and the second output end. The amplifying unit 
outputs to a first amplification output end a first amplified 
voltage obtained by amplifying the voltage of the first output 
end input to a first amplification input end, and outputting to 
a second amplification output end a second amplified voltage 
obtained by amplifying the voltage of the second output end 
input to a second amplification end. The comparing unit com- 
pares a first comparison voltage input to a first comparison 
input end with a second comparison voltage input to a second 
comparison input end and generates a comparison output 
when the first comparison voltage is different firom the second 
comparison voltage. The first capacitor is provided between 
the first amplification output end and the first comparison 
input end. The second capacitor is provided between the 
second amplification output end and the second comparison 
input end. The first switch circuit applies a first reference 
voltage to the first comparison input end. The second switch 
circuit applies a second reference voltage to the second com- 
parison input end. 

[0015] Preferably, the first reference voltage is applied to 
the first comparison input end in the first switch status. The 

second reference voltage is applied to the second comparison 
input end in the first switch status. 

[0016] Preferably, the second reference voltage is different 

from the first reference voltage. 

[0017] Preferably, the amplifying unit includes a first oper- 
ating amplifier, a first feedback resistor, a second operating 
amplifier, a second feedback resistor, and a third feedback 
resistor. The first operating amplifier receives a voltage of the 
first output end at a non-inverting end and outputs the first 
amplified output from an output end. The first feedback resis- 
tor is provided between the output end and an inverting input 
end of the first operating amplifier. The second operating 
amplifier receives a voltage of the second output end at a 
non-inverting input end and outputs the second amplified 
output from an output end. The second feedback resistor is 
provided between the output end and an inverting input end of 
the second operating amplifier. The third feedback resistor is 



provided between the inverting input end of the first operating 
amplifier and the inverting input end of the second operating 
amplifier. 

[0018] Preferably, the magnetic sensor circuit further 
includes a latch circuit latching the comparison output from 
the comparing unit in response to a clock signal and output- 
ting a latch output. The clock signal is generated at a timing of 
the second switch status. 

[0019] More preferably, the magnetic sensor circuit further 
includes a reference voltage switch circuit. The reference 
voltage switch circuit converts a voltage applied to the first 
comparison input end from the first reference voltage either to 
a first modified reference voltage different from the first ref- 
erence voltage or to the second reference voltage, in response 
to the latch output. 

[0020] Preferably, at least one of the amplifying unit and 
the comparing unit operates intermittently as the power sup- 
ply voltage is applied at every first interval for a prescribed 

time period. 

[0021] More preferably, a period of the first switch status is 
provided in a former half and a period of the second switch 
status is provided in a latter half, of the prescribed time 
period. 

[0022] More preferably, the magnetic sensor circuit further 
includes a latch circuit latching the comparison output from 
the comparing unit in response to a clock signal and output- 
ting a latch output. The clock signal is generated at a timing of 

the second switch status. 

[0023] More preferably, the magnetic sensor circuit further 
includes a reference voltage switch circuit. The reference 
voltage switch circuit converts a voltage applied to the first 
comparison input end from the first reference voltage either to 
a first modified reference voltage different from the first ref- 
erence voltage or to the second reference voltage, in response 
to the latch output. 

[0024] Preferably, the magnetic sensor circuit further 
includes first, second and third resistors. The first resistor is 
connected between a first reference voltage end outputting the 
first reference voltage and a second reference voltage end 
outputting the second reference voltage. The second resistor 
has one end connected to the first reference voltage end and 
the other end connectable to a ground potential. The third 
resistor has one end connected to the second reference voltage 
end and the other end connectable to the power supply volt- 
age. The resistance value of the first resistor is smaller than a 
sum of resistance value of the second resistor and resistance 
value of the third resistor. An amount of change with tem- 
perature of the resistance value of the first resistor is smaller 
than an amount of change with temperature of electric resis- 
tance value of the magnetoelectric converting element. The 
temperature characteristic of the resistance value of the sec- 
ond resistor and temperature characteristic of the resistance 
value of the third resistor are both the same as temperature 
characteristic of the electric resistance value of the magneto- 
electric converting element. 

[0025] More preferably, the magnetoelectric converting 
element, the second resistor and the third resistor are elements 
formed of a material of the same type in one same semicon- 
ductor substrate. 

[0026] Preferably, the magnetic sensor circuit further 
includes a control circuit. The control circuit causes at least 
one of the amplifying unit and the comparing unit to operate 
intermittently by controlling the power supply voltage to be 
supplied at every first interval for a prescribed time period. 
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The control circuit sets the switch selecting circuit to the first 
switch status, the second switch status, the second switch 
status and the first status, respectively, in first to fourth periods 
included in the prescribed time period. Tlie control circuit 
controls the first switch circuit so that the first reference 
voltage is applied to the first comparison input end, and con- 
trols the second switch circuit so that the second reference 
voltage is applied to the second comparison input end, in the 
first and third periods. 

[0027] More preferably, the magnetic sensor circuit further 
includes a first latch circuit, an OR circuit and a second latch 
circuit. The first latch circuit latches the comparison output 
from the comparing unit in response to a first clock signal and 
outputs a first latch output. Tlie OR circuit receives the com- 
parison output and the first latch output. The second latch 
circuit latches an output from the OR circuit in response to a 
second clock signal and outputs a second latch output. The 
control circuit outputs the first clock signal in the second 
period, and outputs the second clock signal in the fourth 
period. 

[0028] More preferably, the magnetic sensor circuit further 
includes a reference voltage switch circuit. The reference 
voltage switch circuit converts a voltage applied to the first 
comparison input end from the first reference voltage either to 
a first modified reference voltage different from the first ref- 
erence voltage or to the second reference voltage, in response 
to the second latch output. 

[0029] More preferably, the control circuit sets the switch 
selecting circuit such that the second switch status starts after 
a prescribed time period from the end of the first switch status 
in the second period, and sets the switch selecting circuit such 
that the first switch status starts after the prescribed time 
period from the end of the second switch status in the fourth 
period. 

[0030] More preferably, the control circuit changes length 
of the first period based on an input set signal. 
[0031] According to another aspect, the present invention 
provides a portable terminal, including a battery power 
source and a magnetic sensor circuit to which a power supply 
voltage of the battery power source is supplied as an opera- 
tional voltage. The magnetic sensor circuit includes a mag- 
netoelectric converting element, a switch selecting circuit, an 
amplifying unit, a comparing unit, first and second capacitors, 
and first and second switch circuits. The magnetoelectric 
converting element generates an output voltage across a first 
terminal pair or a second terminal pair in accordance with 
applied magnetism. The switch selecting circuit has a first 
switch status in which a power supply voltage is applied to the 
first terminal pair and an output voltage generated at the 
second terminal pair is output across a first output end and a 
second output end, and a second switch status in which the 
power supply voltage is applied to the second terminal pair 
and an output voltage generated at the first terminal pair is 
output across the first output end and the second output end. 
The amplifying unit outputs to a first amplification output end 
a first amplified voltage obtained by amplifying the voltage of 
the first output end input to a first amplification input end, and 
outputs to a second amplification output end a second ampli- 
fied voltage obtained by amplifying the voltage of the second 
output end input to a second amplification end. The compar- 
ing unit compares a first comparison voltage input to a first 
comparison input end with a second comparison voltage 
input to a second comparison input end and generates a com- 
parison output when the first comparison voltage is different 



from the second comparison vohage. The first capacitor is 
provided between the first amplification output end and the 

first comparison input end. The second capacitor is provided 
between the second amplification output end and the second 
comparison input end. The first switch circuit applies a first 
reference voltage to the first comparison input end. The sec- 
ond switch circuit applies a second reference voltage to the 
second comparison input end. 

EFFECTS OF THE INVENTION 

[0032] According to the present invention, the amplifying 
unit is operated in a differential manner, whereby the element 
offset voltage of the magnetoelectric converting element such 
as the Hall element and the magnetoresistance element as 
well as the input offset voltage of the amplifying unit can 
sufficiently be reduced. 

[0033] Further, according to the present invention, the first 
and second capacitors are charged to attain a prescribed status 
in the first switching status, so that the input voltage reference 
value of the comparing unit is set to a prescribed value. 
Consequently, it becomes possible to set a wide input 
dynamic range. 

[0034] Further, according to the present invention, the 
amplifying unit is formed as a balanced input -balanced out- 
put type circuit using a unique configuration, and hence, large 
gain in voltage amplification can be attained. This makes it 
unnecessary to prepare a reference voltage in the amplifying 
unit and, as a result, adjustment of the reference voltage to the 
output voltage of the magnetoelectric converting element 
becomes umiecessary. Further, the number of feedback resis- 
tors can be decreased. 

[0035] Further, power supply voltage is intermittently sup- 
plied to main units (such as the amplifying unit and the 
comparing unit), and the intennittent operation is combined 
with a latch operation based on a comparison output, whereby 
power consumption can be reduced while stable detection of 
magnetism is realized. 

[0036] Further, first and second reference voltages to the 
comparing unit are made different, and by changing the ref- 
erence voltage (from the first reference voltage to the modi- 
fied first reference voltage, or the second reference voltage) in 
response to a latch operation based on the comparison output, 
it becomes possible to have the comparing unit with hyster- 
esis characteristic. The maximum hysteresis error can be set 
by simply setting the first or the modified first reference 
voltage (or the second reference voltage), and hence, it can be 
designed and adjusted in a simple manner. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0037] FIG. 1 shows a configuration of a magnetic sensor 
circuit in accordance with a first embodiment of the present 

invention. 

[0038] FIG. 2 shows a first example of the amphfying unit. 
[0039] FIG. 3 shows a second example of the amplifying 
unit. 

[0040] FIG. 4 shows a configuration of a reference voltage 
generating circuit 90. 

[0041] FIG. 5 is a timing chart representing an operation of 
the magnetic sensor circuit in accordance with the first 
embodiment of the present invention. 
[0042] FIG. 6 shows a configuration of a magnetic sensor 
circuit in accordance with a second embodiment of the 
present invention. 
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[0043] FIG. 7 is a timing chart representing an operation of 
the magnetic sensor circuit in accordance with the second 

embodiment of the present invention. 

[0044] FIG. 8 shows a configuration of a control circuit 100 
of FIG. 6. 

[0045] FIG. 9 shows an exemplary configuration of a delay 
circuit 104 of FIG. 8. 

[0046] FIG. 10 schematically shows exemplary configura- 
tions of signal lines LI and L2 and first and second capacitors 
41 and 42. 

[0047] FIG. 11 shows an example of application of a mag- 
netic sensor circuit lA. 

[0048] FIG. 12 illustrates a current flowing through a Hall 
element 10 of FIG. 1. 

[0049] FIG. 13 shows a reference voltage generating circuit 
applied to a third embodiment of the present invention. 
[0050] FIG. 14 shows a configuration of a magnetic sensor 
circuit in accordance with a fourth embodiment of the present 
invention. 

[0051] FIG. 15 shows a configuration of a control circuit 
lOOA of FIG. 14. 

[0052] FIG. 16 shows an exemplary configuration of a fre- 
quency-dividing circuit 102A of FIG. 15. 
[0053] FIG. 17 shows a configuration of a conventional 
magnetic field sensor. 

[0054] FIG. 18 shows an exemplary structure of a Hall 
element 10 and voltage dividing resistors 91 A and 95. 
[0055] FIG. 19 shows another exemplary structure of Hall 
element 10 and voltage dividing resistors 91A and 95. 

DESCRIPTION OF THE REFERENCE SIGNS 

[0056] 10 Hall element, 20 switch selecting circuit, 21-28 
switches, 30, 3 OA, 3 OB amplifying units, 31, 31 A, 3 IB first 
amplifying circuits, 32, 32A, 32B second amplilying circuits, 
34, 35 switch circuits, 41, 42 first and second capacitors, 51, 
52 first and second switch circuits, 53 reference voltage 
switching circuit, 60 comparing unit, 61 switch circuit, 70, 71 
latch circuits, 80, 8 OA buffer amplifiers, 90, 90 A reference 
voltage generating circuits, Vcc power supply voltage, POW 
power-on signal, SWl first switch signal, SW2 second switch 
signal, Vrefl first reference voltage, VreflA modified first 
reference voltage, Vref2 second reference voltage, Sdet 
detection signal, 1, lA, IB magnetic sensor circuits, 41 A, 
41B, 42A, 42B capacitors, 91-95, 91A, 93 A voltage dividing 
resistors, 96 P-type MOS transistor, 97 N-type MOS transis- 
tor, 100, lOOA control circuits, 101 oscillator, 102, 102A 
frequency dividing circuits, 104-107 delay circuits, 111-113 
counters, 105 portable telephone, 151 body, 152 housing, 154 
battery, 155 magnet, 156 display, ANDl, ANDll AND cir- 
cuits, FF1-FF4 D-type flip-flops, INV0-INV2, 
INV'll-INVl/2 inverters, LI, L2 signal lines, Nl, N2 refer- 
ence voltage ends, NORl~NOR3 NOR circuits, ORl, 
ORll~OR14, OR21, OR 220R circuits, Q0'-Q4 terminals. 

BEST MODES FOR CARRYING OUT THE 
INVENTION 

[0057] In the following, embodiments of the magnetic sen- 
sor circuit in accordance with the present invention will be 
described with reference to the figures. The magnetic sensor 
circuit in accordance with the present invention is used for 
wide applications as a sensor for detecting magnetic field 
status (magnetic field intensity), such as a sensor for detecting 
opening/closing of a folding type portable telephone or a 



sensor for detecting rotational position of a motor. As a mag- 
netic sensor element used for the magnetic sensor circuit, any 

element that has its electrical characteristics changed in 
accordance with a change in applied magnetic field and that 
allows extraction of an output voltage reflecting the change 
may be available, and a Hall element, a magnetoresi stance 
element or the like may be used. In the following, a magnetic 
sensor circuit using a Hall element will be described. 

First Embodiment 

[0058] FIG. 1 shows a configuration of a magnetic sensor 
circuit in accordance with a first embodiment of the present 
invention. In FIG. 1, a Hall element 10 included in a magnetic 
sensor circuit 1 is formed as a plate of a geometrically equiva- 
lent shape with respect to four terminals A, C, B and D, 
similar to the conventional example shown in FIG. 17. 
[0059] A Hall voltage generated across a second terminal 
pair B-D when a power supply voltage is applied across a first 
terminal pair A-C and the Hall voltage generated across the 
first terminal pair C-A when a power supply voltage is applied 
across the second terminal pair B-D of Hall element 10 as 
such have effective signal components, which reflect the 
intensity of magnetic field applied to the Hall element, of the 
same phase, and element offset components (element offset 
voltages) of opposite phases. 

[0060] A switch selecting circuit 20 switches the mamier of 
applying the power supply voltage Vcc to Hall element 1 0 and 
the mamier of taking out the Hall voltage from Hall element 
10. 

[0061] Switch selecting circuit 20 includes switches 21, 23, 
25 and 27 that turn on in response to a first switch signal SWl 
and switches 22, 24, 26 and 28 that turn on in response to a 
second switch signal SW2. The first and second switch sig- 
nals SWl and SW2 are generated not to overlap with each 
other. Further, the first switch signal SWl is generated in a 
former half and the second switch signal SW2 is generated in 
a latter half, of a prescribed period in which a power-on signal 
POW is generated. The power-on signal POW is generated 
intermittently, for example, generated at every prescribed 
interval for a prescribed time period. 
[0062] In a first switch status in which the first switch signal 
SWl is being generated, power supply voltage Vccs is applied 
to terminal A, terminal C is grounded, and a Hall voltage in 
accordance with the magnetic field intensity generates across 
terminals B and D. The voltage across terminals B-D depends 
on the direction of applied magnetic field. Here, it is assumed 
that the voltage Vb at terminal B is low and the voltage at 
tenninal D is high. Here, the voltage represents a potential 
relative to the ground, unless specified otherwise. 
[0063] Switching from the first switch signal SWl to the 
second switch signal S W2 takes place at a high speed. There- 
fore, it is assumed that also in the second switch status, the 
direction of magnetic field is the same as that in the first 
switch status. In the second switch status in which the second 
switch signal SW2 is being generated, power supply voltage 
Vccs is applied to terminal B, terminal D is grounded, and a 
Hall voltage in accordance with the magnetic field intensity 
generates across terminals C and A. As to the voltage across 
terminals C-A, the voltage Vc at terminal C is low and the 
voltage Va at terminal A is high. 

[0064] Accordingly, the voltage at a first output terminal i 
of switch selecting circuit 20 is the voltage Vb in the first 
switch status, and it is Va in the second switch status. On the 
other hand, the voltage at a second output terminal ii of switch 
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selecting circuit 20 is the voltage Vd in the first switch status 
and it is Vc in the second switch status. 
[0065] An amplifying unit 3 0 amplifies the voltage at a first 
amplification input end connected to the first output end i by 
a first amplifying circuit 31 with a prescribed amplification 
degree a, and generates a first amplified voltage at a first 
amplification output end iii. Since there is an input offset 
voltage Voffal in the first amplifying circuit 31, the input 
offset voltage Voffal is added to the voltage at the first ampli- 
fication input end. 

[0066] Further, amplifying unit 30 amplifies the voltage at 
a second amplification input end connected to the second 
output end ii by a second amplifying circuit 32 with a pre- 
scribed amplification degree a, and generates a second ampli- 
fied voltage at a second amplification output end iv. Since 
there is an input offset voltage Voffa2 also in the second 
amplifying circuit 32, the input offset voltage Voffa2 is added 
to the voltage at the second amplification input end. 
[0067] To the first and second amplifying circuits 31 and 32 
of amplifying unit 30, the power supply voltage is applied 
through switch circuits 34 and 35 that are turned on by the 
power-on signal POW. Therefore, amplifying unit 30 oper- 
ates intermittently in response to the power-on signal POW, 
for example, at every prescribed interval for a prescribed time 
period. When the first and second amplifying circuit 31 and 
32 are of current-driven type circuits, it is preferred that 
switch circuits 34 and 35 be formed by current source circuits 
with a switching function. 

[0068] A first capacitor 41 is connected between the first 
amplification output end iii and a first comparison input end v 
of a comparing unit 60. Further, a second capacitor 42 is 
connected between a second amplification output end iv and 
a second comparison input end vi of comparing unit 60. 
[0069] Comparing unit 60 compares a first comparison 
voltage input to the first comparison input end v with a second 
comparison voltage input to the second comparison input end 
vi, and generates a comparison output when the first compari- 
son voltage exceeds the second comparison voltage. It is 
noted that comparing unit 60 is formed to have very high 
impedance. By way of example, the input circuit of compar- 
ing unit 60 is formed by an MOS (Metal Oxide Semiconduc- 
tor) transistor circuit. To comparing unit 60, the power supply 
voltage is applied through a switch circuit 61 that is turned on 
in response to the power-on signal POW Therefore, compar- 
ing unit 60 operates intermittently in response to the power- 
on signal POW, for example, at every prescribed interval for 
a prescribed time period. Further, switch circuit 61 may be a 
current source circuit with a switching function. 
[0070] To the first comparison input end v of comparing 
unit 60, a first reference voltage Vrefl is supplied through a 
first switch circuit 51 that turns on by the first switch signal 
S Wl and through a reference voltage switch circuit 53 . When 
magnetic sensor circuit 1 detects magnetism, reference volt- 
age switch circuit 53 is switched by a detection signal Sdet. 
When reference voltage switch circuit 53 is switched, a modi- 
fied first reference voltage Vrefl A is supplied to the first 
comparison input end v. 

[0071] To the second comparison input end vi, a second 
reference voltage Vref2 is supplied through a second switch 
circuit 52 that turns on by the first switch signal SWl. Pref- 
erably, the first reference voltage Vrefl is set to a value lower 
than a prescribed value than the modified first reference volt- 
age Vrefl A and the modified first reference voltage Vrefl A is 
set to a value lower than a prescribed value than the second 



reference voltage VrefZ. It is also possible to use the second 
reference voltage VrefZ as the modified first reference voltage 
VreflA. 

[0072] Wlien a comparison output is not generated, the first 
and the second reference voltages are used as the voltages 
supplied to the first and second comparison input ends v and 
vi, and when a comparison output is generated; the modified 
first reference voltage and the second voltage are used, 
whereby it becomes possible to add hysteresis characteristic 
to the operation of comparing unit 60. This enables stable 
detection. Hysteresis width can readily be changed by adjust- 
ing levels of the first reference voltage, the modified first 
reference voltage and the second reference voltage. 
[0073] A latch circuit 70 latches the comparison output at a 
timing of a clock signal CK. A D-type flip-flop may suitably 
be used as latch circuit 70. The latch output of latch circuit 70 
is amplified by a buffer amplifier 80, and the detection signal 
Sdet is obtained. 

[0074] FIG. 2 shows a first example of the amplifying unit. 
An amplifying unit 30A of FIG. 2 has first and second ampli- 
fying circuits 31 A and 32 A. In the first amplifying circuit 
31 A, between an inverting input end of an operating amplifier 

31- 1 and an output end iii, a feedback resistor 31-2 is con- 
nected, and between the inverting input end and a reference 
voltage Vref, a feedback resistor 31-3 is comiected. A voltage 
at the first output end i input to a non-inverting input end is 
amplified, and a first amplified voltage is output to a first 
amplified output end 111. The second amplifying circuit 32 A 
has the same configuration as the first amplification circuit 
31 A. The second amplifying circuit 32A amplifies a voltage 
at a second output end ii input to a non-inverting input end, 
and outputs a second amplified voltage at a second amplified 
output end iv. 

[0075] In amplifying unit 30A of FIG. 2, amplification 
degree a is about R2/R1, where R2 represents resistance 
value of feedback resistors 31-2 and 32-2 and Rl represents 
resistance value of feedback resistors 31-3 and 32-3, and 
R2»R1. 

[0076] FIG. 3 shows a second example of the amplifying 
unit. An amplifying unit 3 OB of FIG. 3 has: a first operating 
amplifier 31-1 receiving a voltage of a first output end i at a 
non-inverting input end and outputting a first amplified output 
fi*om an output end iii; a first feedback resistor 31-2 provided 
between an inverting input end and the output end 111 of the 
first operating amplifier 31-1; a second operating amplifier 

32- 1 receiving a voltage from a second output end ii at a 
non-inverting input end and outputting a second amplified 
output from an output end iv; a second feedback resistor 32-2 
provided between an inverting input end and the output end iv 
of the second operating amplifier 32-1; and a third feedback 
resistor 33 provided between the inverting input end of the 
first operating amplifier 31-1 and the inverting input end of 
the second operating amplifier 32-1. 

[0077] As described above, amplifying unit 3 OB is a bal- 
anced input-balanced output type amplifying circuit in which 
the first and second amplifying circuits 3 IB and 32B share the 
third feedback resistor 33. In amplifying unit 3 OB, the num- 
ber of feedback resistors can be made smaller than in ampli- 
fying unit 30 A shown in FIG. 2. Further, reference voltages of 
the first and second amplifying circuits 31 A and 31B are set 
automatically in the circuits. Therefore, setting of the refer- 
ence voltages becomes unnecessary. 

[0078] In amplifying unit 3 OB, a large voltage amplifica- 
tion gain can be attained, as the balanced input-balanced 
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output type circuitry of a unique configuration is used. Spe- 
cifically, the amplification degree a is about 2xR2/Rl (where 
R2»R1), where R2 represents resistance value of feedback 
resistors 31-2 and 32-2, and Rl represents resistance value of 
the third feedback resistor 33. As the amplification degree 
doubles, circuit design becomes easier. Further, it becomes 
easier to handle a Hall element of lower sensitivity. It is noted 
that operational power supply voltage of amplifying units 
30A and 30B is supplied to respective amplifying circuits 
through switch circuits 34 and 35, as shown in FIG. 1. 
[0079] FIG. 4 shows a configuration of a reference voltage 
generating circuit 90. In reference voltage generating circuit 
90 of FIG. 4, power supply voltage Vcc is divided by voltage 
dividing resistors 91-95, to generate a reference voltage 
VrefO, the first reference voltage Vrefl, the modified first 
reference voltage VreflA, and the second reference voltage 
VrefZ. These reference voltages are generated when a P-type 
MOS transistor 96 on the side of power supply voltage Vcc 
and an N-type MOS transistor 97 on the side of the ground of 
voltage dividing resistors 91-95 are on. MOS transistors 96 
and 97 turn on in response to the power-on signal POW, 
through inverters 98 and 99. In place of the power-on signal 
POW, MOS transistors 96 and 97 may be turned on in 
response to the first switch signal S Wl . 
[0080] Next, an operation of magnetic sensor circuit 1 of 
the present invention configured as above will be described 
with reference to a timing chart of FIG. 5. It is noted that 
power-on signal POW, first switch signal SWl, second switch 
signal SW2 and clock signal CK are generated from a control 
circuit, not shown in FIG. 1 . 

[0081] First, power-on signal POW is generated at every 
first interval Tl only for a prescribed time period T2. Conse- 
quently, magnetic sensor circuit 1 operates with power supply 
voltage Vcc supplied intermittently. By way of example, in 
order to detect opening/closing of a folding type portable 
telephone, the first interval Tl may be set to 50 ms, and the 
prescribed time period T2 may be set to 25 |lis. This signifi- 
cantly reduces power consumption of a battery in the portable 
telephone, wliile there is no problem in the operation of 
detecting opening/closing status. The length of the first inter- 
val Tl and the prescribed time period T2 may preferably be 
set to appropriate length, in consideration of usage to which 
the magnetic sensor circuit of the present invention is applied. 
It is naturally possible to operate magnetic sensor circuit 1 not 
intermittently but continuously. 

[0082] Almost simultaneously with the time point tl when 
the power-on signal POW is applied, the first switch signal 
SWl is generated. As the first switching signal SWl is gen- 
erated, switches 21, 23, 25 and 27 are tumed on and switch 
selecting circuit 20 is set to the first switch status, and the first 
and second switch circuits 51 and 52 are turned on. 
[0083] The power supply voltage and the ground voltage 
are applied to terminals A-C of the first terminal pair of Hall 
element 10, and a Hall voltage generates across terminals 
B-D as the second terminal pair. At terminal B, voltage Vb 
generates, and at terminal D, voltage Vd generates. 
[0084] At the first amplification output end iii of amplifying 
unit 30, a first amplified voltage a (Vb-Voffal), which is the 
amplified voltage Vb, generates. At the second amplification 
output end iv, a second amplified voltage a (Vd-Voffal), 
which is the amplified voltage Vd, generates. The value a 
represents amplification degree of amplifying unit 30, and 
Voffal represents an input offset voltage of the first amplify- 
ing circuit 31. 



[0085] In this first switch status, the first and second switch 
circuits 51 and 52 are on. Further, assuming that reference 

voltage switch circuit 53 is not switched, switch 53-2 is on. 
Therefore, to the first comparison input v of comparing unit 
60, the first reference voltage Vrefl is being applied. To the 
second comparison input end vi, the second reference voltage 
VrefZ is being applied. 

[0086] Thus, tiie first capacitor 41 is charged such that a 
difference voltage at opposite ends thereof attains to Vrefl - 
a(Vd- Voffal). The second capacitor 42 is charged such that 
a difference voltage at opposite ends thereof attains to Vref2- 

a(Vd-Voffal). 

[0087] At time point t2, the first switch signal SWl is lost 
and the first switch status ends. At a time point t3 delayed by 
a prescribed short period c from time point t2, the second 
switch signal SW2 is generated. By the provision of the 
prescribed short period x, a period is set which is neither the 
first switch status nor the second switch status, of switch 
selecting circuit 20. By the generation of second switch signal 
SW2, switches 22, 24, 26 and 28 are turned on and switch 
selecting circuit 20 is set to the second switch status, and the 
first and second switch circuits 51 and 52 are tumed off. 
[0088] To terminals B and D of the second terminal pair of 
Hall element 10, the power supply voltage and the ground 
voltage are applied, and a Hall voltage generates across ter- 
minals C-A as the second terminal pair. The voltage Vc gen- 
erates at terminal C, and the voltage Va generates at terminal 
A. 

[0089] At the first amplification output end iii of amplifi- 
cation unit 30, the first amplified voltage a(Va- Voffal), 
which is the amplified voltage Va, generates. At the second 
amplified output end iv, the second amplified voltage a(Vc- 
Voffal), wliich is the amplified voltage Vc, generates. 
[0090] In this second switch status, the first and second 
switch circuits 51 and 52 are off. Reference voltage switch 
circuit 53 has not yet been switched, and therefore, switch 
53-2 is on. 

[0091] Electric charges stored in the first and second 
capacitors 41 and 42 are held unchanged, and therefore, a first 
comparison voltage Vcompl of the first comparison input end 

V and a second comparison voltage Vcomp2 of the second 
comparison input end vi of comparing unit 60 are given by 
Equations 1 and 2 below. 

Vcompl=Vien-[a{Vb-Vofal)-a(Va-Voffal)] 

=Viefl-a{Vb-Va) (1) 

Vcompl = Vrefl- [a( Vd- Vofal)-a(Vc- Voffal)] 

=VTen-a(Vd-Vc) (2) 

[0092] As can be seen from Equations 1 and 2, the first and 
second comparison voltages Vcompl and Vcomp2 do not 
contain offset voltages Voffal and Voffa2. Specifically, the 
input offset voltages Voffal and Voffa2 are cancelled by the 
switching between the first and second switch statuses. 
[0093] Then, by comparing unit 60, the first and second 
comparison voltages Vcompl and Vcomp2 are compared. 
Specifically, a difference between the first and second com- 
parison voltages Vcompl andVcomp2 is obtained, and when 
the first comparison voltage Vcompl exceeds the second 
comparison voltage Vcomp2 (Vcompl >Vcomp2), that is, 
when the first and second comparison voltages Vcompl and 
Vcomp2 are different, a comparison output is generated. The 
comparison at comparing unit 60 is represented by Equation 
3. 

Vcompl Fcomp2 = Frefl - Viefl-a{ Vb- Va)+a{ Vd- Vc) (3) 
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[0094] Now, the Hall voltage generated at Hall element 10 
involves a signal component voltage in proportion to the 
magnetic field strength and the element offset voltage. In Hall 
element 10 in accordance with the present invention, the 
voltage generated across terminals B-D in the first switch 
status and the voltage generated across terminal C-A in the 
second switch status have the effective signal components of 
the same phase and the element offset voltages of opposite 
phases. 

[0095] Let us represent element offset voltages involved in 
voltages Vb, Vd, Va and Vc by Vboffe, Vdoffe, Vaoffe and 
Vcoffe, respectively. Then, from the equation representing 
90° cancellation of the Hall element, it holds: Vboffe- 
VdofFe=VaofFe- Vcoffe. By modifying this equation, Equa- 
tion 4 below results. 

Vboffe-Vaoffe=Vdoffe-Vcoffe (4) 

[0096] Equation 4 represents that in comparing the first and 
second comparison voltages Vcompl and Vcomp2 in accor- 
dance with Equation 3, the element offset voltages are can- 
celled. 

[0097] As described above, the element offset voltage of 
Hall element 10 and the input offset voltage of amplifying 
unit 30 are both cancelled in the comparing operation of 
comparing unit 60. 

[0098] Next, at time t4, clock signal CK rises. At the rise of 
clock signal CK, latch circuit 70 latches the comparison out- 
put from comparing unit 60. When the comparison output is 
latched, detection signal Sdet is generated from buffer ampli- 
fier 80. At time t5, power-on signal POW is lost, and approxi- 
mately at the same time the second switch signal SW2 is lost. 
Here, the second switch signal SW2 is formed by inverting 
and delaying the clock signal CK. 

[0099] In the second switch status, if the first comparison 
voltage Vcompl is smaller than the second comparison volt- 
age Vcomp2, the comparison output is not generated (that is, 
L level), and therefore, the detection signal Sdet is not gen- 
erated. On the other hand, if the first comparison voltage 
Vcompl exceeds the second comparison voltage Vcomp2, 
the comparison output is generated (that is, H level), and 
hence, the detection signal Sdet is generated. 
[0100] By the generation of detection signal Sdet, reference 
voltage switch circuit 53 is switched, switch 53-2 is turned 
off, and switch 53-1 is turned on. Consequently, to the first 
comparison input end v of comparing unit 60, in the first 
switch status, the modified first reference voltage VreflA 
comes to be applied. Therefore, in the prescribed time period 
of the next cycle, the threshold voltage for the comparing 
operation becomes lower. Specifically, comparing unit 60 
performs a hysteresis operation. The hysteresis width is 
VreflA-Vrefl. Further, the hysteresis width can be deter- 
mined simply by setting the first reference voltage and the 
modified first reference voltage VreH and VreflA, and hence, 
design and adjustment are easy. 

[0101] In the present invention, the first and second capaci- 
tors 41 and 42 are charged to attain prescribed state in the first 
switch status, whereby the input voltage reference value of 
comparing unit 60 is set to the prescribed first and second 
reference voltages Vrefl and Vref2. By setting the first and 
second reference voltages Vrefl and Vref2 to a value as close 
as possible to the mid point voltage (Vcc/2) of the power 
supply voltage Vcc, it becomes possible to set a large input 
dynamic range. 



[01 02] Further, supply of the power supply voltage to main 
units such as amplifying unit 30 and comparing unit 60 is 
performed intemiittently at every first interval Tl, and by 
combining the intermittent operation and the latch operation 
based on the detection signal Sdet, power consumption can be 
reduced wliile stable detection of magnetism is realized. 
[0103] Since the power consumption is reduced by the 
intermittent operation and stable detection of magnetism is 
possible as described above, the magnetic sensor circuit in 
accordance with the present invention is particularly suitable 
for a sensor circuit of a portable terminal (for example, a 
folding type or rotating type portable telephone) using a bat- 
tery or the like as a power source. 

[0104] Description has been given assuming that the mag- 
netic field to Hall element 10 is in one certain direction. If the 
magnetic field is in the opposite direction, however, the gen- 
erated Hall voltage naturally comes to have the opposite 
polarity. In that case, circuit configuration is altered in accor- 
dance with the polarity of Hall voltage. 

Second Embodiment 

[0105] As a second embodiment, a magnetic sensor circuit 
capable of detecting magnetic field strength independent of 
the direction of magnetic field to the Hall element will be 
described. 

[0106] FIG. 6 shows a configuration of the magnetic sensor 
circuit in accordance with the second embodiment of the 
present invention. Referring to FIG. 6, a magnetic sensor 
circuit lA differs from the magnetic sensor circuit shown in 
FIG. 1 in that it includes a control circuit 100, an OR circuit 
ORl, a latch circuit 71 and an inverter INVO. Except for these 
portions, configuration of magnetic sensor circuit lA is the 
same as that of the magnetic sensor shown in FIG. 1, and 
therefore, description thereof will not be repeated. 
[0107] Control circuit 100 outputs power-on signal POW, 
the first, second and third switch signals SWl, SW2 and SW3, 
and clock signals CK_SH1 and CK_SH2. The third switch 
signal SW3 is applied to the first and second switch circuits 51 
and 52. 

[0108] Latch circuit 70 latches a signal COMPOUT (com- 
parison output) output from comparing unit 60 at a rising 
timing of clock signal CK_SH1. OR circuit ORl receives the 
signal COMPOUT and a signal DFF_SH1 (first latch output) 
output fi*om latch circuit 70. Latch circuit 71 latches an output 
of OR circuit ORl at a rising timing of clock signal CK_SH2. 
Similar to latch circuit 70, a D-type flip-flop is suitably used 
for latch circuit 71. 

[0109] Buffer amplifier 80 amplifies the signal DFF_SH2 
(second latch output) output from latch circuit 71, and outputs 
the detection signal Sdet. Inverter INVO inverts the detection 
signal Sdet and outputs a signal OUT. In accordance with the 
signal OUT, whether the magnetic field intensity is a pre- 
scribed intensity or not is determined. 
[0110] FIG. 7 is a timing chart illustrating the operation of 
magnetic sensor circuit in accordance with the second 
embodiment of the present invention. Referring to FIG. 7, the 
signal OSC is a signal serving as a reference for the operation 
of control circuit 100. As will be described later, the signal 
OSC is generated inside the control circuit 100. 
[0111] As in the first embodiment, the power-on signal 
POW is generated at every first interval Tl for a prescribed 
time period T2. The period from tl to t5 corresponds to the 
prescribed time period T2. The prescribed time period T2 
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includes first to fourth periods. Specifically, the periods from 
tl to t2, t2 to t3, t3 to t4 and t4 to t5 correspond to the first to 

fourth periods, respectively. 

[0112] In the following, description will be given assuming 
that the magnetic field intensity of S -polarity is detected in the 
first and second periods and the magnetic field intensity of 
N-polarity is detected in the third and fourth periods. The 
magnetic field polarities to be detected may be in reverse 
order. 

[0113] The operation of magnetic sensor circuit 1 A fi*om tl 
to t3 is the same as that of the magnetic sensor circuit in 
accordance with the first embodiment. After the signal OSC 
rises at time point to, the power-on signal POW generates at 
time point tl. Almost simultaneously with the generation of 
power-on signal POW, the first and third switch signals SWl 
and SW3 are generated. By the generation of first switch 
signal SWl, switch selecting circuit 20 is set to the first switch 
status. Further, by the generation of third switch signal SW3, 
the first and second switch circuits 51 and 52 are both turned 
on. 

[0114] Voltages AOUTl and AOUT2 represent outputs of 
the first and second amplifying circuits, respectively. In the 
period from tl to t2, the vohage AOUTl is a(Vb-Voffal), 
and the voltage AOUT2 is a(Vd-Voffa2). Further, the first 
comparison voltage Vcompl at the first comparison input end 
V of comparing unit 60 is the first reference voltage Vrefl, and 
the second comparison voltage Vcomp2 at the second com- 
parison input end vi is the second reference voltage VrefZ. In 
the absence of any signal from Hall element 10, the voltages 
AOUTl and AOUT2 are the same as the voltage VM. 
[0115] In the second period, control circuit 100 sets switch 
selecting circuit 20 such that the second switch status starts 
after the prescribed short period x from the end (time point t2) 
of the first switch status . In the period from t2 to t3, the voltage 
AOUTl is a(Va-Voffal) and the voltage AOUT2 is a(Vc- 
Voffa2). As represented by Equations 1 and 2 above, the first 
comparison voltage Vcompl is Vrefl -a(yb-Va), and the 
second comparison voltage Vcomp2 is VrefZ -a(Vd-Vc). 
When we represent the Hall voltage (terminal -to -terminal 
voltage) by Vs, the first comparison voltage Vcompl changes 
from Vrefl by +aVs, and the second comparison voltage 
Vcomp2 changes from VrefZ by -a Vs. 
[01 1 6] When the signal OSC rises at time point t3 , the tliird 
switch signal SW3 is again generated after the prescribed 
short period t. In response to the generation of third switch 
signal SW3, the first comparison voltage Vcompl changes to 
the first reference voltage Vrefl, and the second comparison 
voltage Vcomp2 changes to the second reference voltage 
VrefZ. As switch selecting circuit 20 is kept in the second 
switch status, voltages AOUTl and AOUT2 are kept at a(Va- 
Voffal) and a(Vc-Voffa2), respectively. 
[0117] In the fourth period, control circuit 100 sets switch 
selecting circuit 20 such that the first switch status starts after 
the prescribed short period x Irom the end (time point t4) of 
the second switch status. Consequently, the voltage AOUTl 
changes to a(Vb-Voffal) and the voltage AOUT2 changes to 
a(Vd-Voffa2). The first comparison voltage Vcompl 
changes to Vrefl -a(Va-Vb), and the second comparison 
voltage Vcomp2 changes to Vref2-a(Vc-Vd). Specifically, 
in the fourth period, the first comparison voltage Vcomp 1 
changes from Vrefl by -aVs and the second comparison 
voltage Vcomp2 changes fromVref2 by +aVs. 
[0118] If the magnetic field has a prescribed intensity or 
higher, a signal is output fi:om Hall element 10, and therefore. 



an H level signal COMP OUT is obtained. The period in 
which the signal COMPOUT is at the H level is from t2 to t3 

if the magnetic field is of S-polarity. If the magnetic field is of 
N-polarity, the period in w hich the signal COMPOUT is at the 
H level is from t4 to t5. 

[0119] The clock signal CK_SH1 falls at time point t2, and 
rises at t3. If the signal COMPOUT is at the H level at fime 
point t3, the signal DFF_SH1 changes from the L level to the 
H level. 

[0120] The clock signal CK_SH2 falls at time point t4, and 
rises at t5. At time point t5, the output of OR circuit ORl is at 

the H level, and therefore the signal DFF_SH2 changes from 
the L level to the H level, and the signal OUT changes from 
the H level to the L level. 

[0121] If the signal COMPOUT is at the H level at time 
point t5, the output of OR circuit ORl has attained to the H 
level in response to the signal COMPOUT. Therefore, when 
clock signal CK_SH2 rises at time point t5, the signal DFF_ 
SH2 changes from the L level to the H level, and the signal 
OUT changes from the H level to the L level. 
[0122] That the signal OUT changes from the H level to the 
L level means that the magnetic field intensity is not lower 
than a prescribed intensity. As described above, control cir- 
cuit 100 sets switch selecting circuit 20 to the first switch 
status in the first and fourth periods, and sets switch selecting 
circuit 20 to the second switch status in the second and third 
periods. Further, control circuit 100 turns on the first and 
second switch circuits 51 and 52 in the first and third periods. 
Therefore, it is possible for magnetic sensor circuit lA to 
detect that the magnetic field intensity is not lower than the 
prescribed intensity, independent of the direction of magnetic 
field to Hall element 10. 

[0123] Further, control circuit 100 provides a prescribed 
short time period x between the fall of first switch signal SWl 
and the rise of second switch signal SW2 and between the fall 
of second switch signal SW2 and the rise of first switch signal 
SWl . Accordingly, the first and second comparison voltages 
Vcompl and Vcomp2 become stable, and hence, malfunction 
of magnetic sensor circuit lA can be prevented. 
[0124] Further, control circuit 100 continuously outputs the 
second switch signal SW2 from t2 to t4, and hence, it is 
possible for magnetic sensor circuit lA to detect magnetic 
field intensity of both polarities in a short period of time. 
[0125] Further, control circuit 100 outputs the second 
power-on signal POW only for a prescribed time period T2, so 
that magnetic sensor circuit lA operates intermittently. As a 
result, power consumption of magnetic sensor circuit lA can 
be reduced. 

[0126] Next, control circuit 100 will be described in detail. 
[0127] FIG. 8 shows a configuration of control circuit 100 
of FIG. 6. 

[0128] Referring to FIG. 8, control circuit 100 includes an 
oscillator 101 outputting the signal OSC; a frequency divid- 
ing circuit 102 dividing the frequency of signal OSC by a 
prescribed ratio of frequency division (for example, 1/4096) 
to output a signal SIG; and a shift register 103 receiving 
signals SIG and OSC and successively outputting signals SO 
to S4 at every pulse of signal OSC. Shift register 103 outputs 
signals SO to S4 from terminals QO to Q4, respectively. 
[0129] Control circuit 100 further includes OR circuits 
ORl to OR14. OR circuit ORl receives signals SO to S3. OR 
circuit OR12 receives signals SO and S3. OR circuit OR13 
receives signals SI and S2. OR circuit OR14 receives signals 
SO and S2. 
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[0130] Control circuit 100 further includes D-type flip- 
flops FFl to FF4 latching outputs of OR circuits ORll to 
OR14, respectively, in response to the rise of signal OSC. 
[0131] Control circuit 100 includes delay circuits 104 to 
107 delaying outputs of D-type flip-flops FFl to FF4, respec- 
tively, and inverters INVl and INV2. Delay circuits 104 to 
107 output power-on signal POW, the first switch signal S Wl , 
the second switch signal SW2 and the third switch signal 
SW3, respectively. Inverter INVl inverts the signal S2 to 
output clock signal CK_SH1 . Inverter INV2 inverts the signal 
S4 to output clock signal CK_SH2. 

[0132] Each of the delay circuits 101 to 104 delays only the 
rise of the output of D-type flip-flops. Therefore, it becomes 
possible to provide the prescribed short time period x shown 
in FIG. 7 between the first and second switch signals SWl and 
SW2. 

[0133] FIG. 9 shows an exemplary configuration of delay 
circuit 104 of FIG. 8. 

[0134] Referring to FIG. 9, delay circuit 104 includes n (n 
is an even number) inverters INV11~INV1« connected in 
series, an AND circuit ANDl and a buffer amplifier 80A. To 
inverter INVll and to one input terminal of AND circuit 
ANDl, a signal Sll (output of D-type flip-flop FFl) is input. 
To the other input terminal of AND circuit ANDl, a signal 
from inverter INVIt? is input. Buffer amplifier 80A amplifies 
an output of AND circuit ANDl and outputs power-on signal 
POW. Here, the number n of inverters may be determined 
appropriately as needed. 

[0135] Each of the delay circuits 105 to 107 has the same 
configuration as delay circuit 104 and, therefore, description 

thereof will not be repeated. 

[0136] Next, an exemplary configuration for stabilizing 
operation of the magnetic sensor circuit in accordance with 
the present invention will be described. Since the magnetic 
sensor circuit of the present invention includes comparing 
unit 60, it is less susceptible to the influences of noise and 
ripples of power supply voltage, and stable operation is real- 
ized. As an example of a configuration for further stabilizing 
the operation, an exemplary configuration of first and second 
capacitors 41 and 42 and signal lines LI and L2 connected to 
the first and second comparison input ends v and vi, respec- 
tively, will be described. 

[0137] FIG. 10 is a schematic diagram showing the exem- 
plary configuration of signal lines LI and L2 and first and 
second capacitors 41 and 42. 

[0138] Referring to FIG. 10, the first capacitor 41 is divided 

into capacitors 41 A and 41B, and the second capacitor 42 is 
divided into capacitors 42A and 42B. Along two sides of 
capacitor 41 A, capacitors 42 A and 42B are arranged. Capaci- 
tor 41B is provided opposite to capacitor 41 A with respect to 
capacitors 42 A and 42B. 

[0139] By such an arrangement of capacitors, portions of 
capacitors opposite to each other increases. By way of 
example, when a voltage at one end of capacitor 41A varies 
because of noise, potentials of capacitors 41 A, 42 A and 42B 
vary similarly. As the noise components of the same phase can 
be cancelled by comparing unit 60, the influence of noise can 
be reduced. Therefore, a stable operation becomes possible. 
[0140] Signal lines LI and L2 have portions arranged par- 
allel to each other. When noise of the same phase is applied to 
signal lines LI and L2, noise components of the same phase 
are cancelled by comparing unit 60, and therefore, a stable 
operation becomes possible. 



[0141] It is noted that areas of first and second capacitors 41 
and 42 are set such that capacitance values of the first and 

second capacitors 41 and 42 become larger than the parasitic 
capacitance of signal lines LI and L2. For instance, at the 
switching from the first period to the second period, voltage 
AOUTl changes by +aVs and voltage AOUT2 changes by 
-a Vs. When the first and second switch circuits 51 and 52 are 
turned off in the second period, however, charges accumu- 
lated as the parasitic capacitance of signal lines L I and L2 are 
discharged and, as a result, voltages at the first and second 
comparison input ends v and vi may possibly become smaller 
than Vrefl+aVs and Vref2-aVs, respectively. By increasing 
the areas of first and second capacitors 41 and 42, larger 
amount of charges come to be stored in the first and second 
capacitors 41 and 42, and therefore, decrease of voltages at 
the first and second comparison input ends v and vi can be 
prevented even when charges accumulated at the parasitic 
capacitance of signal lines LI and L2 are discharged. 
[0142] FIG. 11 shows an exemplary application of mag- 
netic sensor circuit lA. 

[0143] Referring to FIG. 11, a portable telephone 150 is a 
folding type portable telephone, which corresponds to the 
portable terminal in accordance with the present invention. 
Portable telephone 150 has a body 151 and a housing 152. 
Body 151 includes magnetic sensor circuit lA and a battery 
154 feeding power supply voltage to magnetic sensor circuit 
lA. Housing 152 includes a magnet 155 and a display unit 
156. 

[0144] Since the distance between magnet 155 and mag- 
netic sensor circuit 1 A changes as housing 152 moves, mag- 
netic field intensity to magnetic sensor circuit lA changes 

accordingly. Magnetic sensor circuit 1 A operates as an open- 
ing/closing detection sensor, by detecting the magnetic field 
intensity. 

[0145] Magnetic sensor circuit lA is capable of detecting 
magnetic field intensity no matter which of the S-pole and 
N-pole of magnet 155 faces to the side of display 156. There- 
fore, it is unnecessary to confirm orientation of the magnet 
when magnet 155 is mounted on housing 152. This improves 
productivity of portable telephones. 

[0146] When an image picked up by a camera (not shown) 
contained in body 151 is monitored on display 156, portable 
telephone 150 may be used with housing 152 rotated to have 
display 156 face outward. Even in that case, sensor circuit lA 
can detect magnetic field intensity of N-polarity. Therefore, 
the area necessary for mounting becomes smaller and the 
power consumption of portable telephone can be reduced 
than when two magnetic sensor circuits each capable of 
detecting magnetic field of either one polarity are provided. 
[0147] As shown in FIG. 11, magnetic sensor circuit 1 in 
accordance with the first embodiment can also be mounted on 
a portable telephone 150. In that case, however, magnet 155 is 
mounted on housing 152 such that the polarity of the surface 
on the side of display 156 is either N pole or S pole. 
[0148] Further, control circuit 100 may output the power- 
on signal POW and the first and second switch signals SWl 
and SW2, in accordance with the timing chart shown in FIG. 
5. 

[0149] As described above, according to the second 
embodiment of the present invention, a control circuit is 
provided for controlling a switch selecting circuit switching 
an output of the Hall element and a switch for applying a 
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reference voltage at an input end of the comparing unit, so that 
magnetic field intensity can be detected regardless of the 
polarity. 

Third Embodiment 

[0150] As a third embodiment, a magnetic sensor circuit 
capable of compensating for temperature characteristic of 
detection sensitivity in detecting magnetic field intensity will 

be described. The overall configuration of magnetic sensor 
circuit in accordance with the third embodiment is the same as 
the configuration of magnetic sensor circuit shown in FIG. 1 
(or FIG. 6), and therefore, description thereof will not be 
repeated. 

[0151] FIG. 12 shows a current flowing through Hall ele- 
ment 10 shown in FIG. 1. 

[0152] Referring to FIG. 12, switches 21 and 24 are formed 
of P-type MOS transistors, and switches 25 and 28 are formed 
of N-type MOS transistors. The value of ON resistance of the 
P-type MOS transistor is RP, and that of N-type MOS tran- 
sistor is RN. Hall element 10 has resistance value RH. Hall 
voltage Vs output from Hall element 10 is represented as: 

Vs=KHxIHxB (5) 

[0153] Here, KH represents Hall coelficient, IH represents 
a current flowing through Hall element 10, and B represents 
magnetic field density (design value of magnetic flux density 
at which the magnetic sensor circuit reacts). As can be seen 
from Equation 5, voltage Vs is in proportion to current IH. 
[0154] Current IH is represented as: 

IH=Vccl{RP+RH+RN) (6) 

[0155] FIG. 13 shows a reference voltage generating circuit 
applied to the tliird embodiment of the present invention. 
[0156] Referring to FIG. 13 , a reference voltage generating 
circuit 90A is applicable to the magnetic sensor circuits in 
accordance with the first and second embodiments of the 
present invention. Reference voltage generating circuit 90A 
is different from reference voltage generating circuit 90 of 
FIG. 4 in that it includes voltage dividing resistors 91A and 
93 A in place of voltage dividing resistors 91-94. Except for 
this point, it is the same as reference voltage generating circuit 
90, and therefore, description thereof will not be repeated. 
[0157] Voltage dividing resistor 93A is connected between 
a first reference voltage end Nl outputting the first reference 
voltage Vrefl and a second reference voltage end N2 output- 
ting the second reference voltage Vref2. Voltage dividing 
resistor 91 A has one end connected to the first reference 
voltage end Nl. Voltage dividing resistor 95 has one end 
connected to the second reference voltage end N2. When 
power-on signal POW is generated, the other end of voltage 
dividing resistor 91 A may be coupled to the ground potential . 
Further, when power-on signal POW is generated, the other 
end of voltage dividing resistor 95 may be coupled to the 
power supply voltage Vcc. 

[0158] Voltage dividing resistor 91 A corresponds to a resis- 
tor formed by combining voltage dividing resistors 91 and 92. 
Further, voltage dividing resistor 93A corresponds to a resis- 
tor formed by combining voltage dividing resistors 91 and 92 
shown in FIG. 4. 

[0159] Here, resistance value RVRl of voltage dividing 
resistor 95 and resistance value RVR2 of voltage dividing 
resistor 91A are both n/2xRH. Resistance value RVRO of 



voltage dividing resistor 93 A is smaller than the sum of resis- 
tance values RVRl and RVR2, and the relation 

nxRH»RVRO holds. 

[0160] Let us represent the voltage across opposite ends of 
voltage dividing resistor 93A by VREF (=Vref2 -Vrefl), and 
the current flowing through voltage dividing resistor 93 A by 
IREF. The voltage VREF is given by: 

FREF=/REFxi?raO (7) 

[0161] Further, the value of ON resi stance of P-type MOS 
transistor 96 is represented by RPR, and that of N-type MOS 
transistor 97 is represented by RNR. The values RPR and 
RNR are n-times multiple of ON resistances of P-type MOS 
transistor and N-type MOS transistor shown in FIG. 12, and 
the relations RPR=nxRP and RNR=nxRN are satisfied. Here, 
the current IREF is given by Equation 8. 

IKEY=Vcc/{n{RP+RH+RN)+RVm} (8). 

[0162] Since the relation nxRH»RVRO holds, RVRO is 
negligible in Equation 8. Therefore, from Equations 6 and 8, 
the relation between current IH and current IREF can be 
represented by Equation 9. 

IH=nxIREF (9) 

[0163] Further, from Equations 5, 7 and 9, sensitivity (=Vs/ 
VREF) of the magnetic sensor circuit can be given by Equa- 
tion 10. 

Vs/VREF=nxKHxB/RVRO (10). 

[0164] From Equation 1 0, when the resistance value RVRO 
of voltage dividing resistor 93A changes slightly with tem- 
perature (for example, when the amount of change is smaller 
than the change of resistance value RH with temperature, or 
0), temperature characteristic of the sensitivity can be com- 
pensated for. Though the sensitivity depends on resistance 
ratio n, n is constant as long as the temperature characteristic 
of current IH is the same as the temperature characteristic of 
current IREF, from Equation 9. Specifically, when the tem- 
perature characteristic of resistance value of each of the volt- 
age dividing resistors in voltage dividing resistors 91 A and 95 
is the same as the temperature characteristic of resistance 
value RH, the temperature characteristic of sensitivity can be 
compensated for. 

[0165] Specifically, conditions for compensating the tem- 
perature characteristic of sensitivity are as follows. The first 
condition is that the resistance value of voltage dividing resis- 
tor 93A is smaller than the sum of resistance values of voltage 
dividing resistors 91 A and 95. The second condition is that an 
amount of change with temperature of the resistance value of 
voltage dividing resistor 93 A is smaller than the amount of 
change with temperature of electric resistance value of Hall 
element 10. The third condition is that temperature coeffi- 
cients of resistance values of voltage dividing resistors 91 and 
95 are both the same as the temperature coefficient of electric 
resistance value of Hall element 10. 

[0166] In order to set voltage dividing resistors 91 A and 95 
as well as Hall element 10 in this manner, for example. Hall 
element 10 and voltage dividing resistors 91 A and 95 may be 
formed by using resistance elements (for example, diffusion 
resistance) of the same type material in one same semicon- 
ductor substrate. 

[0167] FIG. 18 shows an exemplary structure of Hall ele- 
ment 10 and voltage dividing resistors 91 A and 95. 
[0168] Referring to FIG. 18, an N-type epitaxial layer 162 
is formed on a P-type substrate 161. Further, in order to 
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reduce contact resistance between N-type epitaxial layer 162 
and a metal interconnection (not shown), an N-type diffusion 
layer 168 of high carrier concentration is fomied in N-type 
epitaxial layer 162. By P-type diffusion layers 165 and buried 
P-type diffusion layers 167, N-type epitaxial layer 162 is 
divided into a plurality of regions. Each of the plurality of 
regions functions as the "resistance element" described 
above. Further, P-type substrate 161 corresponds to the 
"semiconductor substrate" described above. 
[0169] FIG. 19 shows another exemplary structure of Hall 
element 10 and voltage dividing resistors 91 A and 95. 
[0170] Referring to FIG. 19, an N-type difftision layer 164 
is formed in N-type epitaxial layer 162. In this point, the 
structure of Hall element 10 and voltage dividing resistors 
91 A and 95 shown in FIG. 19 is different from the structure of 
Hall element 10 and voltage dividing resistors 91 A and 95 
shown in FIG. 18. Except for this point, the structure is the 
same as that shown in FIG. 18. Since N-type epitaxial layer 
162 has lower carrier concentration than N-type diffusion 
layer 164, it is denoted as an '*N-layer" in FIG. 19. 
[0171] In FIG. 19, P-type substrate 161 and N-type epi- 
taxial layer 162 correspond to the "semiconductor substrate" 
described above, and N-type diffusion layer 164 corresponds 
to the "resistance element." When N-type diffusion layer 164 
formed in N-type epitaxial layer 162 is used as Hall element 
10 as shown in FIG. 19, sensitivity of Hall element 10 can be 
improved. 

[0172] As described above, according to the third embodi- 
ment, by using a voltage dividing resistor having the same 
temperature characteristic as the resistor of Hall element and 
a voltage dividing resistor having smaller resistance value and 
smaller temperature coefficient than said voltage dividing 
resistor in the reference voltage generating circuit, it becomes 
possible to compensate for temperature characteristic of 
detection sensitivity. 

Fourth Embodiment 

[0173] In a magnetic sensor circuit in accordance with a 
fourth embodiment, the first period Tl can be made shorter as 
compared with the magnetic sensor circuits in accordance 
with the first to third embodiments. 

[0174] FIG. 14 shows a configuration of a magnetic sensor 
circuit in accordance with a fourth embodiment of the present 

invention. 

[0175] Referring to FIG. 14, a magnetic sensor circuit IB is 
different from magnetic sensor circuit 1 A shown in FIG. 6 in 
that it includes a control circuit 100 A in place of control 
circuit 100. Except for this point, it is the same as magnetic 
sensor circuit lA and, therefore, description thereof will not 
be repeated. 

[0176] In response to an input signal SET, control circuit 
lOOA makes the length of the first period Tl shorter than 

when the signal SET is not input. The length of first period Tl 
is, for example, 50 ms if the signal SET is not input, and it is, 
for example, 0.2 ms if the signal SET is input. 
[0177] By making shorter the length of first period Tl at a 
step of inspection before shipment of magnetic sensor circuits 
than at a normal operation, the time necessary for inspection 
can be reduced. This improves productivity of magnetic sen- 
sor circuits. 

[0178] FIG. 15 shows a configuration of control circuit 
lOOA shown in FIG. 14. 

[0179] Referring to FIG. 15, control circuit 100 A is differ- 
ent from control circuit 100 in that it includes a frequency 



dividing circuit 102A in place of firequency dividing circuit 
102. Except for this point, it is the same as control circuit 100 

and, therefore, description thereof will not be repeated. 
[0180] Frequency dividing circuit 102A changes frequency 
division ratio of signal OSC in response to the input of signal 
SET. Thus, when the signal SET is input, the first period Tl 
can be made shorter. 

[0181] FIG. 16 shows an exemplary configuration of fre- 
quency dividing circuit 102 A shown in FIG. 15. 
[0182] Referring to FIG. 16, frequency dividing circuit 
102A includes counters 111-113, NOR circuits 
NORl~NOR3 and an AND circuit ANDll. 
[0183] Counters 111-113 are, for example, hexadecimal 
counters. Counter 111 outputs pulses from terminals QO to 
Q3 in accordance with the number of pulses of signal OSC. 
Pulses output from terminals QO to Q3 are input to NOR 
circuit NORl. Counter 112 outputs pulses from terminals QO 
to Q3 in accordance with the pulse output from terminal Q3 of 
counter 111. Pulses output from terminals QO to Q3 of 
counter 112 are input to NOR circuit NOR2. Counter 113 
outputs pulses from terminals QO to Q3 in accordance with 
the pulse output from terminal Q3 of counter 112. Pulses 
output from terminals QO to Q3 are input to NOR circuit 
NOR3. 

[0184] An output of NOR circuit NOR2 and the signal SET 
are input to OR circuit OR21. An output of NOR circuit 
NOR2 and the signal SET are input to OR circuit OR21. 
[0185] AND circuit ANDll receives an output of NOR 
circuit NORl and outputs of OR circuits OR21 and OR22, 
and outputs a signal SIG. When the signal SET is at the L 
level, one pulse is output as signal SIG every time the number 
of pulses of signal OSC attains to 4096. On the other hand, 
when the signal SET is at the H level, the signal SIG is output 
every time the number of pulses of signal OSC attains to 16. 
Specifically, when the signal SET is input (when the signal 
SET is at the H level), the first period Tl is made shorter. 
[0186] The counters are not limited to hexadecimal 
counters, and they may be decimal counters. Further, the 
number of counters is not limited to three, and an appropriate 
number may be determined as needed. 
[0187] As described above, according to the fourth embodi- 
ment, the length of the first period can be made shorter in 
accordance with a set signal input to the control circuit and, 
therefore, productivity of magnetic sensor circuits can be 
improved. 

[0188] Although the present invention has been described 
and illustrated in detail, it is clearly understood that the same 
is by way of illustration and example only and is not to be 
taken by way of limitation, the spirit and scope of the present 
invention being limited only by the terms of the appended 
claims. 

1. A magnetic sensor circuit, comprising: 

a magnetoelectric converting element generating an output 
voltage across a first terminal pair or a second terminal 
pair in accordance with applied magnetism; 

a switch selecting circuit having a first switch status in 
which a power supply voltage is applied to said first 
terminal pair and an output voltage generated at said 
second terminal pair is output across a first output end 
and a second output end, and a second switch status in 
which the power supply voltage is applied to said second 
terminal pair and an output voltage generated at said first 
terminal pair is output across said first output end and 
said second output end; 
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an amplifying unit outputting to a first amplification output 
end a first amplified voltage obtained by amplifying the 
voltage of said first output end input to a first amplifica- 
tion input end, and outputting to a second amplification 
output end a second amplified voltage obtained by 
amplifying the voltage of said second output end input to 
a second amplification end; 

a comparing unit comparing a first comparison voltage 
input to a first comparison input end with a second 
comparison voltage input to a second comparison input 
end and generating a comparison output when said first 
comparison voltage is different from said second com- 
parison voltage; 

a first capacitor provided between said first amplification 
output end and said first comparison input end; 

a second capacitor provided between said second amplifi- 
cation output end and said second comparison input end; 

a first switch circuit for applying a first reference voltage to 
said first comparison input end; and 

a second switch circuit for applying a second reference 
voltage to said second comparison input end. 

2. The magnetic sensor circuit according to claim 1, 
wherein 

said first reference voltage is applied to said first compari- 
son input end in said first switch status; and 

said second reference voltage is applied to said second 
comparison input end in said first switch status. 

3. The magnetic sensor circuit according to claim 1, 
wherein 

said second reference voltage is different from said first 
reference voltage. 

4. The magnetic sensor circuit according to claim 1, 
wherein 

said ampHfying unit includes 

a first operating amplifier receiving a voltage of said first 
output end at a non-inverting end and outputting said 
first amplified output from an output end, 

a first feedback resistor provided between said output end 
and an inverting input end of said first operating ampli- 
fier, 

a second operating amplifier receiving a voltage of said 
second output end at a non-inverting input end and out- 
putting said second amplified output from an output end, 

a second feedback resistor provided between said output 
end and an inverting input end of said second operating 
amplifier, and 

a third feedback resistor provided between the inverting 
input end of said first operating amplifier and the invert- 
ing input end of said second operating amplifier. 

5. The magnetic sensor circuit according to claim 1, further 
comprising 

a latch circuit latching the comparison output fi*om said 
comparing unit in response to a clock signal and output- 
ting a latch output; wherein 

said clock signal is generated at a timing of said second 
switch status. 

6. The magnetic sensor circuit according to claim 5, further 
comprising 

a reference voltage switch circuit converting a voltage 
applied to said first comparison input end fi-om said first 
reference voltage either to a first modified reference 

voltage different from said first reference voltage or to 
said second reference voltage, in response to said latch 
output. 



7. The magnetic sensor circuit according to claim 1, 
wherein 

at least one of said amplifying unit and said comparing unit 
operates intermittently as the power supply voltage is 
applied at every first interval for a prescribed time 
period. 

8. The magnetic sensor circuit according to claim 7, 
wherein 

a period of said first switch status is provided in a former 
half and a period of said second switch status is provided 
in a latter half, of said prescribed time period. 

9. The magnetic sensor circuit according to claim 8, further 

comprising 

a latch circuit latching the comparison output from said 
comparing unit in response to a clock signal and output- 
ting a latch output; wherein 

said clock signal is generated at a timing of said second 
switch status. 

10. The magnetic sensor circuit according to claim 9, fur- 
ther comprising 

a reference voltage switch circuit converting a voltage 
applied to said first comparison input end from said first 
reference voltage either to a first modified reference 
voltage different from said first reference voltage or to 
said second reference voltage, in response to said latch 
output. 

11. The magnetic sensor circuit according to claim 1, fur- 
ther comprising 

a first resistor connected between a first reference voltage 

end outputting said first reference voltage and a second 
reference voltage end outputting said second reference 
voltage; 

a second resistor having one end connected to said first 
reference voltage end and the other end connectable to a 
ground potential; and 

a third resistor having one end connected to said second 
reference voltage end and the other end connectable to 
said power supply voltage; wherein 

resistance value of said first resistor is smaller than a sum of 
resistance value of said second resistor and resistance 
value of said third resistor; 

an amount of change with temperature of the resistance 
value of said first resistor is smaller than an amount of 
change with temperature of electric resistance value of 
said magnetoelectric converting element; and 

temperattire characteristic of the resistance value of said 
second resistor and temperature characteristic of the 
resistance value of said third resistor are both the same as 
temperature characteristic of the electric resistance 
value of said magnetoelectric converting element. 

12. The magnetic sensor circuit according to claim 11, 
wherein 

said magnetoelectric converting element, said second 
resistor and said third resistor are elements formed of a 
material of the same type in one same semiconductor 
substrate. 

13. The magnetic sensor circuit according to claim 1, fiir- 
ther comprising 

a control circuit causing at least one of said amplifying unit 
and said comparing unit to operate intermittently by 
controlling the power supply voltage to be supplied at 
every first interval for a prescribed time period; wherein 

said control circuit sets said switch selecting circuit to said 
first switch status, said second switch status, said second 
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switch status and said first status, respectively, in first to 
fourth periods included in said prescribed time period, 
and controls said first switch circuit so that said first 
reference voltage is applied to said first comparison 
input end, and controls said second switch circuit so that 
said second reference voltage is applied to said second 
comparison input end, in said first and third periods. 

14. The magnetic sensor circuit according to claim 13, 
further comprising 

a first latch circuit latching the comparison output from 
said comparing unit in response to a first clock signal and 
outputting a first latch output; 

an OR circuit receiving said comparison output and said 
first latch output; and 

a second latch circuit latching an output from said OR 
circuit in response to a second clock signal and output- 
ting a second latch output; wherein 

said control circuit outputs said first clock signal in said 
second period, and outputs said second clock signal in 
said fourth period. 

15. The magnetic sensor circuit according to claim 14, 
further comprising 

a reference voltage switch circuit converting a voltage 
applied to said first comparison input end from said first 
reference voltage either to a first modified reference 
voltage different from said first reference voltage or to 
said second reference voltage, in response to said second 
latch output. 

16. The magnetic sensor circuit according to claim 13, 

wherein 

said control circuit sets said switch selecting circuit such 
that said second switch status starts after a prescribed 
time period from the end of said first sw itch status in said 
second period, and sets said switch selecting circuit such 
that said first switch status starts after said prescribed 
time period from the end of said second switch status in 
said fourth period. 

17. The magnetic sensor circuit according to claim 13, 
wherein 

said control circuit changes length of said first period based 
on an input set signal. 



18. A portable terminal, comprising: 
a battery power source; and 

a magnetic sensor circuit to which a power supply voltage 
of said battery pow er source is supplied as an operational 
voltage; wherein 

said magnetic sensor circuit includes 

a magnetoelectric converting element generating an output 
voltage across a first terminal pair, or a second terminal 
pair in accordance with applied magnetism, 

a switch selecting circuit having a first switch status in 
which a power supply voltage is applied to said first 
terminal pair and an output voltage generated at said 
second terminal pair is output across a first output end 
and a second output end, and a second switch status in 
which the power supply voltage is applied to said second 
terminal pair and an output voltage generated at said first 
terminal pair is output across said first output end and 
said second output end, 

an amplifying unit outputting to a first amplification output 
end a first amplified voltage obtained by amplifying the 
voltage of said first output end input to a first amplifica- 
tion input end, and outputting to a second amplification 
output end a second amplified voltage obtained by 
amplifying the voltage of said second output end input to 
a second amplification end, 

a comparing unit comparing a first comparison voltage 
input to a first comparison input end with a second 
comparison voltage input to a second comparison input 
end and generating a comparison output when said first 
comparison voltage is different from said second com- 
parison voltage, 

a first capacitor provided between said first amplification 
output end and said first comparison input end, 

a second capacitor provided between said second amplifi- 
cation output end and said second comparison input end, 

a first switch circuit for applying a first reference voltage to 
said first comparison input end, and 

a second switch circuit for applying a second reference 
voltage to said second comparison input end. 
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